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Abstract of JP1 0294529 

PROBLEM TO BE SOLVED: To actualize a projection 
beam of good quality which can be oscillated continuously 
in basic lateral mode and has no astigmatism suitable for 
the light source of an optical disk system, etc. SOLUTION: 
The semiconductor laser is constituted by forming an n 
type GaAIN clad layer 13, an active layer 16 of MOW 
(multlquantum well), and a p type GaAIN clad layer 19 on 
an n type GaN buffer layer 11 on a sapphire substrate 10 
and the clad layer 1 9 is equipped with a double 
heterostructure part with striped ridges and a light 
confinement layer formed in an area other than the ridge 
part of the clad layer 19 on the double heterostructure part. 
In this case, the refractive index of the light confinement 
layer is made larger than the refractive Index of the p type • 
GaAIN clad layer. Consequently, threshold current density 
is reduced by controlling a lateral mode by forming a 
waveguide structure with a refractive index distribution, 
and in the lateral mode, an InGaAIBN-based 
semiconductor laser can continuously be oscillated. 
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<1, O^r^l, 0<p + r^l, 0<p + q + rg 

1) t^hf£io. ^yy mxiommm<o±^\,^%m'^ib 

K-C<0Jliitlgtg*5nJtgt^i5o 

[0 0 5 91 rr-e, ±iBroJ:pJi3tMjiJ6Jitt> ^^^^ 
I n G a A 1 N^^t^^f*:^— y-'IC*5V^Ti^ 7 K 

g©y yv^iasw^ic^tisiifeg^ji^^i-stv^ 9 Spiffs 

x/mm^x'o. ^m^mit^%m^A (mocvd) m 
"^^^f-^^y^^^'y- (MB.E) m^x^m^kW^Mim 

[0 0 6 0] 1 nffifilc^^O J;I3:'<:#VM nGa 

A 1 BN^3feMii*S*sS:ttfc«Jt-e»4« ^TfOT^iJ-^ 

KS CO ^ y T^^g < ^fe 5 C t c, ^.tc o 

fco Ctl-tt. H^lcJ;SMg7i?-fe7°^'W^S14^t;^5fl] 
S*fil*-K-C®»il^l8Sid5«rtlt*ofco 

[0 0 6 1] */c*^?^ic ititf, w-mf^¥Em<r)n.mt> 

[0 0 6 2] S^i5Kft<0 
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[0 0 6 3] M 
[0 0 6 4] 

j^^lcioTUiP^-f s. 

[00 6 51 (^1 oMMmm) Wi 1 Jl, 1 

[00 6 6] mtfJ 1 0(±i^7 7'1'TS«-efe9> i®S 
^Sl 0©±lCGa N^^y^rS 1 1, naGaN^iV^ 
i?hJil2, nSJGa A 1 N^7S/ Kgl 3, nSGa 
N^&S14, nSG a A 1 N;^-^<-7a-K±Sl 
5, I nGaN#fii:^#F (MQW) SttJil6, p 
MG a A 1 N:t--'<-7D-|5Sj]:Jl 1 7, p^GaN^ 
jKll 8, p^G a A 1 N:^' 7 y Kgl 9;6SAS:*fl?^$ 

f4M B E feic J; o -C^tiPi^5o 
[0 0 6 7] pSGa A 1 Ni?7y KSl 9(i^ hy-f 

icxio^y y m 1 9 \Z7. h y-f y^yjco y i^^^J^^ 
^^XTV^So pSGa A 1 Ni?7-;/ KSl gciy yv'gB 
W^IC nS I n G a N^Mii*^ 2 0 d5jlt(?e<JiCffiii^^ 

iCHpSG a N=iy^^' hS2 1 ;65ji^^$tVTV^S„ i 
4x?3©^fBfi!cfi:'b> MOCVDftlfeV^llMBEfetCio 

[00 6 8] pMG a N='V^^' hg2 li6»e)nSGa 

A 1 N^7S/ KJi 1 3 tT'^5gB5^6<j(-^5fe$tb. nSG 
a N=>y^^ hJi 1 2W-g|5;S5gtaUTV^So ^UT. 
pSGa N^'V^'^ hS2 l±{CJip{|lJ®fe2 2i>mi^ 
nSG a N3:/i?i^ hll 2©StHgB-hf-Knfii) 

[0 0 6 9] ^mmnm\zmi> tf^ettjias (tt 

T. In.Ga- N#Fg/ 

I n. Ga-. NPtSii (a^e) /ft^^.j',? 
F (MQW) WSttM 1 6 <Dm%\:i. G a A 1 N;d--^^ 
-yo-E^Jhll 5, 1 7S05G a NllSf^ 1 4, 18 



(8) fl^gi^pi 0-2 9 4 5 2 9 
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[00 70] Sfc, :^%M'fi^M-Q\-t. In. G a , A 1 
. Bi-.-,-. N (OSx, y, z, x + y + z^l) ^ 
#m^f3/iS nSi^yy KSl 3(11 n&t/BSr'&S'S 
V^fc*Ga.-. Al. Ni:*IE$tV, Sfel^SttSie 
I4A 1 5r■^*7^V^ycto. MQW^«J5K-t-5#F@St/l^ 
aUl-?:iX^*tH n. Ga,.. HRXf-ln. G a .-. N 
i^lEStVSo In. Ga, Al. Bi^.-... 

N (O^u, V, w, u + v+w^l) SWI^A^fj/iS 
pW^yy KSl 9f4 I n SOtB^r-^iTiV^fctoG a 
10 ,-. A I . Ni:*te$tL?)o 

[0 0 7 1] JJcIC, fiA±(Dj;5IC^Iffife$tvfci|i^«:i— 
1^*«f^fflicoV^TIftPJ1-2.o ''iiB. ^^-hW, t# 
l^MitiSj®. 7;*-- ^<-7P-KJl:WiiKlcili'<So 

[00 7 2] (7K¥;^i6i«^- ywm ^mmmm<o^ 

^^l/-f---t?(4, hy-fy^l-T-nMl nGa N^tPfliZ; 
toil2 Od^arffilsSICiSSLTV^Sfc*. T^Vy^-f^ 

[0073] r^-e. nSlnGa NTtEfliitoii 2 0« 
20 I nffii^ll, jStta 1 6tC4ott6 I n. G a ... N#F 

i2iJ6Ji2 OcoSJf^d, #F«C)eiff^J: 

. [0 0 7 4] $P)tc:, *ffliitoS2 0OjatfT^(±J^ h7 
-(■yifBWpMG a A 1 Ni? 7 J/ KSl 9 (OJS Jt^J; t. 

5tK3Z.i»bJi2 0<D/<>-F=¥+y7°:3i;t^/V-=Jr-« 
;^ h^-ry^SOpSGa A 1 N^^S/ YM \ 9 K 

30 [0 0 7 5] ::«J:5(c;^ h7'('7"gBJ: '5JStff*(D:*:# 
V ^3t^iiftS 2 0 ^5 5 let J6| f>-f ^«ajf ^tt'h $ < 

Ji 2 Ott^g&SI-*t LTe5ilRtt^;65;k:-efoS/ctolc* 
jg^- KO«isd5;>c#v\ Z.(Otzib. ^ig^— K5>*tt 
3feffl)^>iit)l2 0lC,fefc5fiJ^*5ffii6-r/h$V^ 

)t^iX*S2 0(D^fili®^$-W^.^;i5,jx$vx/c 

So 

[0076] Si:»S<t, H 1 (CTj^i-tiitco^^frl^- 

[0 0 7 7] CcOi e)/^jS^^j^<fii(±, 3tmiAi6«2 

I.^W4^1iffl1-SC<!:lCj; 15 . ^;]toTll!l,-Ct S„ itWi 
jifeltLTtt. I nGa Nd5±t/i!Sl|Xa^* 

50 t)OOTjitTV^So 



a 



(9) 
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[0 0 7 8] MV^T, C(DJ; KSlJffll©/tJe)« 

[0079J 112 (a) (1. ;^ hy-iy^t^ Yy-i-f 

2 (b) (i, S*^- KlC^^fSta^ct. St/l|!fe*- 

(0 0 8 0] CixP>cO|il-t'(4, ^ h^-r T'asOii^igSr 10 
nSGao.85 A1...S N/n-GaN(0. 1 m) / 
MQW/p§iG a N (0. 1 m m) / pSG a iss Al 
o.,s L< ^ h7-1'7':5+<^'Ji«ii^nMG aass Al 
cs N/nSGaN(0. 1 *i m) /MQW/p^G a 
N (0. \txm) /p^Gaoss Ales N (h«. u 
m) /nSl nGa LfcS^»»iSm«;45)4?*f$ii 

[0 0 8 1] raigt;iioV>-CMQWf±, I nais Gaao 

N#FS {2nm) /Ino.« Gaose N^BJl {4n 
m) 5»&.5«^t. 1 0*ffc5«^tO2iii9;!!i5 20 

[0 0 8 2] Kco^^^blcii. Ft 

■5cOd5g.v\ 30 
[0 0 8 3] 03 (a ) J4> =0. 2 mCO#'^ 

fftt^^LTV^So US (b) (±. IDh». d^^Wa 

[0084] ;^ h7-r7°i|iS2)5:*ci^V^i A ad5/h$</£5 

}5£^g Ja ;65J:^i-5„ Lfc*5oT< icD^^:^ F^-Y 
(0 0 8 5J ^^0 4 (a) AUm4 (b) (C^-f J; 5 

5, wnf>C>il(±« y. h y 4 y^WSmm^ nMC a 
G.» Alois N/nSGaN (0. 1 m m) /MQW/ 
pSGaN(0. 1 ;i m) / p MG a .85 A 1 cis Nt 
hy-f'T'iJI-COJitiit^na'G ao,« Alois N/ 
nSGaN (0. I u m) /MQW/pSGaN (0. 
1 K m) /pSG aods A 1 0.15 N (0. 0 5 n m) / 

nmi ncaA\ ntLtcm'^<r>m^mm^fm\.ttii 

<DXhi>. ^\-y^:fi^\^iSii^nmi nC a A\Nm 50 
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[ 0 0 8 6] iC-C% MQWd, I no.2 Gao.8 N# 
Fg (2 nm) / I no.o5 Gao.» N |!t ( 4 n m ) 

[0 0 8 7] CCT% 04 (a) ^tEflEfel*^ I n 
. Gai-. NSfc^Gai-. A I . NCO^-g-©;^ h 7 ^ 

6„ xi. ^0. 2(Dmmt. -4:mmmm<Dm9im&mic 

1214 (b) \zir^irXo 

[0 0 8 8] Sfc. OS XI. SO. 2 0tg«f4, h 7 

[0 0 8 9] -:fj. 3tPfli2^J6Ji(4, sfiSSCffitfT^J; 
t./h$V>SSf*«Ga,.. Al. N^fflV^fc^-a-. 1214 

(b) JC:T^i-J:5»C, ^igi«|«^S3o«ffilgtlC^>S-C# 
?>„ ^IW^i^fi. 3tlfl)Z>i6;i«A Iffifigd?;^ hy^T" 
y y h-m<DA 1 fflfiKi 9 < . 

[0 0 9 0] ^2ofiig»4. ytm)Mit>m<DAimi^t)^i^ 

y y KSCOA l»fifetcav^$£HT-fo!5, /h$V>An., « 

[0 0 9 1] ii3(otR«f4> E14 (b) ^xmu-r^^ 

P^^Xh'O. 3tES3Zii61(OA l»fiKd5^7S/ Kg(©A 1 

mfifej:t)/h$<, K-om&a<oAim.^x\)±^<. -r 

^Tv^§„ ::ws^^Kti«(4. 0 4 (a) {ZTp-tx") 
ic. An., dS:ft-Cfo9. h y-Y 7°^1-©^{iJSgf*;65;;^ 

[0 0 9 2] itc. 04 (b) -Ctt. )tKiZ.«)®<^A 1 

[0 0 9 3] HkiZ. *^PJlCj;?>jS^^iS«itfo^VMi 

[0094] 05 (a) nmm^m. mmi^mmm 
m^mmmiixxfs.m&m(D^i^mmz'o\,^x. y^ 

h7'r7'*i(0ft#:tt*r^LTV^.5o 05 (b) f4, mm 

(c^^W^i^Stcov^T 1 ^^e- KtS*^- Ktco^ 
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10 0 9 5] m^^n^xoi^. mmm^ma. 
[0 0 9 6] z.tncnL. m^m&misxxfRmmt 

:fjmm^'o±^i>'^^M>X'h'0. mi(D^^mh:k^< 

[0 0 9 7] (Sii:*-(p)«i*- mm) t^^bx-. in 

Ga A 1 t1^.<D^^^^Xmmtfj:^<Dit. MxtfG a 

AlNlOjo^. AI 5r-atf^^/?<fiS;fi$-fr5i. T 

0 . 18 (AX., d / A. ) ^ H.i.d 



(10) 0-2 9 4 5 2 9 

18 

* (GaAlN) iCi^y 'y^ii^±t=5ZtXhi>o CCO 
G a A 1 NJiOJl$^iSjg-r?)i£:>S*5fc?)o A 1 

WfcJ6lrfo5Sga±OStff*S (Spt>SttiitcDA 1 

(a) St>'|gl6 (b) 
10 [0 0 9 8] mi^h^A^iJaolC^ AX., J)5:^#<. H 
.... ^5;*c#v^S, «tt/jN$<-et5ds. 
2 0 cm"' < -Ctttlf+^T'fcSo 

X\ a?)5l 0 0 cm" J;'3/h$< 2 0 cm' X'Oi^t^^ 

®H***5i:. (1) S;roJ;^lc/£5. 
[0 0 9 9] 



[0100] r. C T% ±fE ( 1 ) ^CD I n G a A 1 

i/-ifT-t) 9— o%i:-t-'<^.#.»4> ^yy \''M(DM\<d 

#v^Hjf*^S:^u. t^r)mwki\cn\^xmnx'hhM. 

Xhho Z.(Dfzt>. y y VmWVi.ui t'^+'^-k^<fi: 

9. #^lcJ;oT^iL^v^•(itis^L<:^#<^^CoTL* 

5„ 30 
[0101] 07JiSCH-MQWfl|ig(CfcNt.5^7S' 

KSffH.,.. mmc-ff-< mmv^v^ tyMWL=^-v 

tUT, nSG a N/nSG a,.85 Ales N (H...d 
|ini)/nSlno.o6 Gao.«N (Hwid. m m) /M 
QW/pSlncoe Gao.9, N(H„id. /im)/pS 
Gao.B Alois N (H=i.d M m) /n^G a NO^^ 
<Oft»«'iJSr*Ufco MQWttI tia! Gaa, N#F^ 
(2 nm) / I no.05 Gao,» N^SS ( 4 n m) 755 1 
O^rolifitt Lfco 4fcS^1-€roG a NOBfiltK'^fcttS 40 
0 0 cm"' t LfCo 

[0102] El 7 K!65#i5E 
/i5o C(D«^-*|218 (a) &t/il8 (b) \Z^Lfz. ^ 

A X • (Hcor. /I) • (H.,.d /X) 

Wi^lf-efot). *fcA x»437®i|gi:^7S' Kit 50 



/Ag0.27(AX«d/X) 

••• (1) 

[0 10 3] 4fc. 1119 (a) Rnm9 (b) lC3*!g^ 
W ^7 5/ KMJ¥»#tt^'T^ L fco El 9 ( a ) 
flH^id. =0. 1 jumCD^-g't'fot). 0 9 (b) HH 
„id , =0. 2 fim(©#-g--Cfo5„ RmmMi$.<^^<y ^ 
-^xa. mUm^ii'^Mi^ tfi^X^^hZ.tt-t>i)^i>. 
m 1 0{C«#FacD I nftfiKi!i5ftfi«<ttC0#-^(ZOV^T. 

[0 10 4] 118 (a) St/ias (b) t^hmhii^fii. 

n fciei^ s^^-r 2. £-11 *5 5 „ ^ r T' » (D 

G a NcoeaHX^ic^ 5 0 0 cm"' t Ltcm-^Xh?>iK 

[0105] la 1 1 iZitm^BC a N055l|X#^;55 1 0 
0 cm"' coS^ro^jg^- K#lS®«(0«#Sr^Lfc, 
El 0 irttlSfLT^od^S J: «K^-KO#ftU?fe 
V^^lg2!»5;/c#<^£oTV^5„ L^-fHO^^ICb, ^yy 

■t^ii^^mt'^h^ztA'^mbt^xh^o ^©Hcd ^tcM 
(1) ^tw]m(Dm^xi^^^mxh6o u 

LZ.(D0im-i. (1) S;;J5gttSff d;!)'i4^$V^^^<0jia 

li^■^^r)^v^fI^Et;:c5c (1) (AX., 

d/A) "'" (T^f^jpOfC (Ax., d/l) "' ^fflv^fc:^ 
*5A»|ciSffilT#5o Afls:ttlc{4. 1117, Ml omt^b 

[0 10 6] 

^0. 08 - (2) 



19 



10 



20 



[0 10 7] 

(0 1 0 8] A X = XAi + yi. • • (3) 

r;it?x»i m<OA\m^. ttzy,. tt^Tffl 

moW-^ I nffi^£^*1-o i> 7 KJifC 1 n 
#^lctt±cOxA. Wf^JptXcxAi -XI. (xi. Iii-^y-y 

KSroinffi^) 5-fflv^irfi<tv\ *fc='7^J^lcAl 

u (y„ fi=iT^lS(755pj*)A 1 $rfflv^ix(iJ:V\ 
(0 1 0 91 ±(C;T%LycnSG a N/nMG a«.8s Al 
0.15 N (Hdrt fim) / nMl no. oo Gao.M N (H 

;im) /MQW/pS I no.(K G a o.m N (H 
viM. /t m) /pSG 3 0.85 A 1 ais N (Hci«i m) 
/nSG a NW^ajT-d. x»i=0. 15« yi. =0. 0 
69 (H„i^, =0.1 nxn. #Fi:10C0Ji^) tt£ 
2>o :i©®^tC (2) ^T-^xeDtv5^7 S' KgffcD^ 

= 4 2 0 nmtO^-a-. Hci.d SO. 2 4 4 //mt 

JiSo (2) s;©;fciatt3Ta5 

(0 1 1 0] ±E^^7^-iS' A x • (H». /X) 

-f, :ioii-c«f*4«L.#v^'i:«:SttS<75#mJ¥-efiJo 

(lAx- (H.». /A.) • (Hcd /X) 

A X • (H.^ /X) • (H.i.d 
(2) S;fo.5lMS (5) ^fii!' 7 5/ KJlffH.i.d OTPS 

(0 1151 x»i • H.i^ ^0.. 1 /urn ••• (7) 

Ax - (H..X. /X) • (Hcd /a) ^0. 

★ 

Ax - (Hco„ /A.) • (H.,.d /X) 20. 
, i!' 7 5' KgifHcLd (Dmmt LT 

$fbtcs*L<« (6) ^-e^SL. 

$ib(::g*L<J± (8) S:(0t5ffi. t 
$^lcaiL<fl (10) ^©t5HI- 40 



(11) iltPjaspi 0-2 9 4 5 2 9 

20 

fc\ ^^©^i:/^r>ib J.b (4d.c. t'^ite^-rSo {£L 
^V^-tt^kl-lid... h^b^K LtiM'^^^\ m^iimi 
2t?Ax- (He. /A.) • (Hci.d /X) il)>+^±^ 
V'-^-S-l- Jtk /d«. ~2X10' cm' t^£6o 
T\ J.b<10kA/cm' ir-f •SfctolCd, d.« < 
0. 0 5 Mmi:-r6!£i<S;65fo5o 3iJ<^f+^ic J;ix«, 
ttlii^JP;i5 0 . 0 5ymeil±-CI4*-^!;T:^-^<-7n 

[0 1 1 1 1 J&1±;{|>?3. I nGa A I N^^-i^*-C^i. 

(2) S;»c;^tfc^#*JJ;t;fSttli^J¥lc^-r5JJtT© 

[0 1 1 21 d„. <0. 0 Sfiin ••■ (4) 

^\ 

[01131 d„< 20. 045/im •••(5) 
*t5, HI 2*»f)*?d»5J; Ax- (H«^. /a.) 

• (Hci.d /X) ^tnnmWi^W^-tiiti. ^v-^?^ h 

[0 1141 

/X) SO. 1 •• (6) 

^ [0 1161 x«i - Hoi.d 2 0. 0 6 X/ m • • (8) 
H^J^mi 2/!i»?3t>^i-^>'5 i^lC. H.ud Hfo4>5:^# 
<1-5i£J.S«'i<. (2) (6) S;^i§fc-f-«5H 

T-fcntf±PS5-?)<:o (9) ^-ciSS-t-Sctlcit), ^ 

[01171 



30 



2 

1181 
1 5 



(9) 



rmft (2) s;, 

±PHl± (7) S;, 
L-<(i (9) 

(0 1 1 9J itvfciPxT, Sf4e#FJiffd«. .Sr 

(4) A$'btcMSL.<« (5) ^rolBHlcsS^-rs^i 

[0 1 2 01 lil7~EIl Who loaB1-'<#,^tt> 

(y,. ) • (Ho„. /A) SO. 

(yi. ) • (H..„ /X) §0. 



•• (1 0) 



(a) &Xfm8 (b) #fi^) „ t^oX, 
[01211 



1 5 
♦ (0 



(1 1) 



12 21 



(1 2) 



(12) 
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■r/jjjpt,, mmmi)'^ i nSr-^^. (id s;sfcfi 

(12) 5lci§:^i-n(f> {SLtv^'lit-C, 

[0 12 3] £(±»c5zli'<fc<g:L#l/^fit^t;oyc:fc©lfllii 

I naa Gao.8 N#FS (2 nm) / I no.05 Ga 
a« NPfiiS (4nm) ^ 1 ^» t -f ■5«^0«aJS:#lf 

±x (2) ^fcit/ (5) s;(C^#^«fcbTv^5c * 

fc [2] ~ [8] l-iZtUcm^X (11) ^©^#t>^ 10 
fcLTV^So [6] ttSe>JC (1 2) S;«^#t«fcL 

[7] , [8] <DXo\C$^}^^^X'h'oX-hX\^\ 
[01241 laiOtBIl l^}dc1^LXt>i)^^Xoi^. 

©(13) ^T*ji^$tl,S. 
[0 1 2 5 1 a ^ 1 0 0 c m"' • (13) 

$lb(cM^ L<l4a^ 5 0 0 c m"' •(14) 20 

Xf4, ^|ififeffi^tri^<-rSti^(>:t>. InGaN=i^^ 
^^7 KJi^fflV^Sr ti55;f^X-foSo t^Flc^FgcDz-^V 
K=¥-t '0 tj/h^ Vv*?:/ K=3r-^ s/^^rto I nG a 

[0 12 6] (L#V^1it(D{g;ig) #a»^#F (MQ 

w) mmit^—f(OL^\>MmMn^^^x'h^o 

tC#2> I nGa A 1 NS^iji^^*:!^— :i©MQW 

mm^m^- K$iJW«Jgt *lcfflv^itc i (c i , L# 
VM6fiilES!):^5rS*lC:a^-r. ZiH-i. MQWICJ;5U^ 30 

^^A^1}Dt> "3 , Sfc I n G a A 1 N^T*:^§ 7iPB^ai?fe 

[0 12 7] mi 4 (a) -mi 4 (c) 

SrfflV^Ttft8^-t-5„ El 14 (a) »4tJe*©ttffi;^ h yl' 

7°^itOI nGa A 1 N V—tf ICt5(t2)fl;gK^>*** t 

[0 12 8] rii^ESClcii. ;^ h^'l'T'ilf S-:^#<-t 

1CJ;'5. ill 4 (b) roi a(C3Tffl^-ett)5S*5/£;65^ 
[0 12 9] CtvfCj^LT, *I6?^ICJ;S«^- K«W 



#M¥1 0-294529 
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]h'^mt^mu^^m<D'^mhmz\^x\^^t:.t>\c, a^s 

i^<t9. »ji^l;)jStt:^*Slc|i;i^-e$ So ^Pjfc, Ell 4 
(c) Jo^UfcJ:^»JcpS3>'^i5' hi-cl;«IA5/£;6s^ 

[0 130] (^-y yr;t-/<-7n-K±) I nGa 

-d^^Hcip, b#vMitSri:L<ii::'s:$-frTL* 5o It 
ir, i!' 7 K^*^ 'J T«IS;iS 1 0 " c m" J: ►) 

Z-Mm-^Xhio ■Mn<D^^BX\t. ^yy¥m\^ 
fflv^5J; ei'iA 1 Ui$.<r)±^^^^fBXi^\z^^^^)Tm. 

[01311 y r«g-ei)=3e-y y o 

J116i^jSSl4. IStWF^fC, G Aim^hfi 
i)^^^)T^-y<-yu-Vj±m\ 5, \ 7iWt\1rx\i^ 

■So wO;t-^^-7P-|5;5±Ji 1 5, 17f45nm~5 
0 0 n m(r>t^n\cm^mX'hi>tc^. ^iS^- K5>*® 

[0 13 21 :L(Dir-''<-y'!3-V}±m\t., ^yyVm 

<n^^ V Tmmm\>^m^icmzt0}m^m.mx'h?>o i 

nGaAlN^T-tS, tk^Wl^V^^^ y TilS© tiMG 
a A 1 NJi^Jl?^T*#Sfc*. n«ll©;t-/^-7o-ES 

©ae<jT'=^^ y r^fiSriSM-rsJi^icn. ndij©^- 
o" cm" m&m^n^iisx±o^\VTm&opmi' 

[0 13 31 pS^7s/ K^l QW^-^-yTjft^dSiSv^ 

m^©p{R'|:t-/<-7n-|S5±a 1 7©3aimS:Ell 5& 

xfrnieiz^-to Ell sdpS^y-^ KSi 9©^^ y 

T^^A'^l X 1 o" cm'' X\ ^-y<—y vj—pi^Miii 

pSi!' y y VSMizM Lv^fl;^-©;d--^-<-7 o 

[0 13 4] CixlC>?tL.T. Hi 6»4MQWg14jil 6 
i: pfiil2»j6Ji 1 8 tWFB^f-G Boss Ales N:t-/^- 
7D-KJhJi 1 7^§S(t7t^^**LTl^S„ C©iil 

TV^Sr td55>A»S, C©iaTJ4, pftil^&gl 811/ 
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[0 13 5] ^^V7:t-y<~-yo-p5±<D^^n^ t 
-^<-yu-p]±MG ai^ A I h NWA 1 ffi^h^5:*C 

0<h<0. 2 ■ • (1 5) 

[0 136] ^■vyT:t-^<-7D-6$Jh^f4G - 

a A 1 NtCPS?)'b(OT-(i^^< . jEfCI n^-^tft.©-Cfe 

+ y 77t--/<-7D-|535ihgf±. In. Ga. Al 
1 B.-«-i, N (Ogs. t, h, s + t + h^l) 

v^t)©-Cfei^^4*J:v^„ ^fc. £>-f LtMQWglcg^L-C 20 

[0 1 3 71 ±iiiiLfcJ;eilC*llife?gffi(Cj;tl«. In 
Ga A I BN^^f^ilj*^— tflC*3V>t:. :/7'/l"^rofl| 

[0138] 2 ©^jgjf^^) la 1 7 ii< ^mMom 

10 13 9] Eltf^s oiif-^r-fTS^-cfc*). i©S 

te3 0O±iCG a N/<S'7tS3 1, naCaN^i^^ 
^H32, nSGa A 1 N^^J/ KJi3 3, n^Ga 
N^R^3 4, nSGa A 1 N:d--^<-7P-|5^±^3 
5, I nG a N;6»f3/£5*-l;^#F (SQW) ?SttJi 
3 6, pSG a A 1 N7t--/<-7D-|?^ihJi3 7, 40 
GaN^&S3 8, pSGa A 1 Ni^y-y Fji3 9:65^ 

[0 14 01 pSG a A I 7 Fg3 9(i;^ h7-< 
:fU^%:f^.\f^X^<Dm'PtV:^'y^y-^m^$iv. Zti 
(c J; ►) ^ 7 y KS 3 9 ic;^ h 7 -< yV^O) ]) y 'y^tmi^ 
$ixTV^?)„ pMG a A 1 Ni?7 5' K@3 9©!J 
Jit,^1-(C, nSl nGaN^tKj^ii:)S4 0*5iltf^6<){cm 
^bli^^yy KgS 9SUf*K)is!)^4 0 
pSGaNl4 1, pS I nGa NaV^fi? h 50 
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g4 2;65^ftJi^fife$ixTV^So cme^OlSfB^ftt., M 
OCVD?'£^lM±MBE?'£ICioTtTir)ix5„ p^In 
G a N3>^^^ hJi4 2i4^e> nSG a A 1 N:? 7 KB 
3 3 4-C/J5|F|55>6<)|C|^*$tt, nSGaN^y^J'^M 
3 2CO-tl5;65gaiL-CV^.5o ^LT, p^GaN^l^^ 
^ h®4 2±ICfip{Dtt^g4 3;dSfl^^$;jX^ n^GaN 

a^-^i? hB3 2<D^m95±»Cttn{RiJfl114 4*5?^^^ 
[0141] *||JSjf^ffi;i5|ll 1 (c^Lfc^ 1 cDHifeJ^ffi 
G a N ?S 5 *-»i=^#F i Jfe o T V ^ 5 C t -Cfe 5o 

[0 14 2] ^©nffiji^ffi-ctt. ^h\^-=^y9^ vm\ 

2 i: LTpS I nG a NSrfflV'>TV"'5. pSinGaN 

[01431 3 (D%me%) H 1 8 l±. *|gPJ(D^ 

[0 14 4] 0t|3 5 OUnSS i CSig-CfcO^ 
itS5 0W±(CnSZ nO/-<s/7rJl5 1 , n^GaNg 
5 2, nSGa A 1 Ni!'7y FJi5 3, nSGaN^lS 
15 4, nSG a A I N::*-— z^— 7D-K±B5 5, I 
nGaN#a*^-#F (MQWSttS) 5 6, p^lGa 
A I N;i--/<-7o-ESil:g5 7. pSGaN^ftgS 
8, pSGa A 1 N^yy F^5 9;^5^fiJ^fig$i^TV^ 
5„ CiXfjCDlSfB^filiMOCVD?*. MBE 

[0145] p MG a A 1 N 7 y FS 5 9 f±;^ h 7 -< 

(c J; ip 7 FJi 5 9 {c;^ h 7 T'^^tro y y 'y%mm^ 
§iX-CV^5o pSGa A 1 N^7S' FM5 9(Dy yv'IfB 
a^l^v I n G a N3tfflji*S 6 0 H^mim^mb. 
^Jgfiic^n. $P,IC<?7S/ Fii5 9St/3tWiifeS6 0 
±IC(l. pSiG a N^^^iJ' hg6 1 iJ^filcflrJf^fiit^^XT 
V^5o ^tLT. pUGa N^^-^^ hii6 l±iClipftlJ 
®iBi6 2d5j^^$tt, nSS i CSiKS OWSiilClin 

{Rija^e 2,tmi^^ixx\^-i>o 

[01461 :immemx\%. S«5 O LT^mttO 

[0147] \ikk.(n>%me^x\%%m-t>mh lt i n 
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$V^In, Ga, A I, Bit,-, N (0<p^l, 0 
Sq, r<l, 0<p + q + rSl) T'fetl.(fMV\ 4 
tc. '^'y-y h'MhCa AlN<D^flh-f. In. Ga, 
Al. Bi-.-,-. N (OSx, y, z, x + y + z^ 

1) ^fflv^sr id^T-tSo 

(0 14 81 mi 5St/Bll 6f^$n.-CV^5J;5{-M 

# V ^ 15 tsi* /.f 5 „ c (© ^1^) - $r fii^-t- 5 
[0149] {f^4(Dmmmm) mi 9u:^mm<Dm4 

[0 1 5 0] [3^7 OIlij-^T'l'TSST^fc*? . ^(Dm 

^hJi72, n®Ga A 1 N^75/ KS7 3, nSGa 
N^J6H7 4, I nOa N#ai:^-#F7 5, pSOa 
N^iSl76, pSGa A 1 N^7';/ KS7 7, pMG 20 
aN^-V:y7'S7 8, p S I n G a NJfeKii*^ 7 9 *5 

fs^fiJiM O C V D fe^V ^fiM B E J: o Xtri^ix 

[01511 pSGaN^^-/rS7 8Sr/pSGa A 
IN^yy KS7 7fi;^ \^y-(^tV7^^W>\^^X^yy K 

jl7 7[c;^ hy^y^^COi; :yv^tW5Jg^$iXTl/^6o C 
CD±{CpSl nGa N)tKii*ii/='>^^^ hJi7 9;65 30 

[0152] pSi nGaNTtmiii^ii/::!^^^ hS 
7 9;6^{bnSG a Al^^y y YMl 3 ^ X^^^gP^^WiC 
nSGa N::i>'i5^i5^ hS7 2<7)-|FW5Stt}t 
TV^^o ^(DVk. pSi nGa N3tgflii*g/=^>'^^ 
hg7 9±ICJlp{RiJ«^i8 0. nSGa N=»yi5^^ 

OfCfi, m^L^-iP t/T i N/T i / P t/Au<D 
ffl/i«it. ntJmffiS l{C(i. >^iJ;ifiT i/AuCOH^ 40 

[0153] Z.(DV—^(DiS^m%\^ I n. G a 1-. N 
#FS/In. Gai-. NP$iil (a^e) 
Sa^»F. Sl>*GaN^2Kii^:iStt/cSCH«igi:/c^ 

[0 1 5 4] Ell 9lC73^L/c«itc7)#t|Srflpgil nGa 
N3tP^^*:)ii7 9;6^r»>^^^ hii^*^3lTV^^Ci:Xfc 
So Z(Dfcib. ^f0^ftll2(ElT-;^^. 2[H]SOS^^fi 
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[0 15 5] ^(Z)«iS{^fcttStt?S£Se^«. pS 
G a A 1 7-;/ K17 7 t pS I nG a N3tffliZi*l 

7 9 <t(orBl(^-^rp|^eicJ:ig^!g.^n^So Ep-^v 0 2 
0 (a) \C7jkLfzX^\^. pSGa A 1 N^7:y Kiii: 
pSlnGaNc^F^^i^^:^ hS t 0#BlCfcit 5iiffl;^{RfJ 

pSG a A 1 N^yy Kii7 7 t pS I nGa N:3 

^/b^^-^^-rS p®G a n^^y:fm7 St^k-fhih 
TV^5/ci6lC. 02 0 (b) {C^UfcJ: 5l-^XP^g 

[0 15 6] I nGa N«S:Jfefflii»Ji/='>^i?^ hg 
V^ I n G a A 1 N ^i$tt/c«itT*tt. ^(DT(D^ yyV 

Gai^:=iv^^ vm(o^(Dm'^\^\'tpm.i^yyv 

^(^^■y U T^g;65 1 X 1 0'' c m"' EJlTXfcofc t (0 
I nGa NSSriSfrtSr 5Xio'*cm 
" JeJLJii:1-6C<!:;d5T#fco ^ixtl/K* (H) ^iciS 
M g r ^ ir 7^ C)^Stt^t: $ 5 ^ t {cSH-r 5 
h<DXhi>. \ nG a h\n%m)^^m^ 

[0 15 7] m2om\%mx\-x. pm^yyvrnt^^ 

y T^S5 X 1 0'' c m ' (DG ao.85 A I 0.1s N, p 
hS;6^^-y y 7^gl X 1 0'' cm"' I n 
0.1s Gaass N, p^r^^;/yS;65=3p-^yT^e^l X 1 0 

c m"' (^G a N<^:»^<^7j^bTV>5c ^tie^C^ffi^-g^ 

[0 1 5 8] 132 0 (a) (Opm^y y VMtp^^l^ 
hg;if\ ^n-t^tipSG ao.85 AI0.1S N {^-^y 
r^SSX 1 0'' cm' ) . pSi n. Gaw N 

y T^g 1x10'' cm"') (Dm'^(omMj&&-nj± 

it#tt^ia2 1 l>::^-ro 1212 0 (b) (^:^^:yygttx = 
0<DGaN-C. CKD^-g^lCliajE-S. 7VCU-if^ 

v^/^v>) o I n*I^x^>:^t <^c^6i:l;dit^5Sftn 

(-3. 7V) -C(7)mjSSffittl/2iilTi:>i!9, 019 
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[0159] z.(o^7'timm^xi,mMK±9j)^n. p 

Xfi> pSi5'7 5' KSro='r-vy T^eS*5i X 1 o" cm 

T. El 1 9lc^i^-r«iglcfc^^-C'^7^aPtffilcJ;sa;^SPfi 

^5?r 1 X 1 o" cm'' EAT« p Si^ 7 y KSWA 1 » 
fiKi: pM^y^^ hl« I nia^f^fP^O. 2 d^ht 

pS^ 7 y m^^]) T^SfH6;i-#Vi 
V^;^i!i5^<. MSL<(i5xlo" cm'' Jii±^5av\ 
[0 16 0] itz. --rof!*g»cJ;6msS|5I±3a*«p 
®Ga A 1 N/pSi nGaN<Oiffi;'A^*:)-ti:lC^5t<0 

22IC. nSGao.» Al ot.s N (^^])T^&5X1 

O" cm"' ) . I n. Ga,-. N(^+yT«gl 

x 1 0 " cm') i^ili'tl^ 7 y KS&Ut3 ^ h 20 

[0161] (^5 (Drnmrnm) m 2 3 ^m^nw. 
[0 16 21 EtpQ o«1^7r'f TS^s-e&'j, c»s 

0C7)±tCG a N/-^S'7 7S 9 1 , pSGaN^V^ 
^ha92, pSGaA 1 N:J'7 5' K19 3, pSGa 30 
N^jKJi9 4. I nGa N#M1:^#F9 5, nSGa 
N3IS19 6, nSG a A 1 N^yy KJi9 7, n®G 
a N^-y S/7"19 8, nS I n G a NJtPfliZifeag 9;65 
JI^^$ilTV^5<, n® I nGa N3feK)Z^*:)S9 9{±[nl^ 

[0163] nSG a N^-Y S'7°ii9 8St/nSG a A 
I Nil'ys' KM 9 7«;^ h^'f :/|H55>^I^V^T^'7 5' K 

S9 7 h7'<7'4^cco!J gB;45J]^;^g^ix-CV^5o C 
©±(^nSl nGa N^tMiifeJl/^y^^ hJi9 9;6S 40 

[0 164] nMl nGa N?tK)2;*S/='y^'^ hJi 

9 9i4»f,pSG a A 1 N^J'ys/ KJl 9 3 S T-z)5*|55>fi<)|;: 
pSGa N3>'i5'i? hS9 2(0-gB;a5^tHL 
-CV^So CO^. nSl nGaNJtEBi2=J61/=iV^'^ 
hJi9 9 JilCHnfiymm 0 0. pSG a N^^^'i^ h 
19 20StagB±lc(ip(ai]l;«l 0 l2)5}g^!g$;ixTV^ 

[ 0 1 6 5 ] gl 2 3 L-fcltit-Ctt, nSlnGaN 
5tK)2>ftl9 9;4S='>^^' HSr«*aTV^5o t^oT, 50 
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Hi 9ro^^i|Wl«IC, ^fB^fi(4 2lH]t^-^if„ 
KSWWJ^ailiai 9CO#'^il^DT-fo'3. *fctt}jfti^ 
^f±, nSGaAlN^7yKa97i:nSl nGaN 

-ro--.r □|^Sic:j:5m?SKBa±<D?5!i*«ia2 2{c^Lfc 

[0 16 6] -^xnKSIcJ;2,IISPfl±S»:*«> 2a« 

Vi^^y^(r>m-WkflhWk<n)^^y^m^Wtnhh'Bt. 
[0167] (^erollJSW 1112 4(4. 

[0 1 6 8] latf 1 1 Ott-i^^T-f ^© 
S^l 1 Oro±ICG a N^-^S/7rgl 1 1, nSGaN 
Vmwi, nSGao.» A U.s N:J'7S'K 
Jill3, nMG a N^2Sa 1 1 4, InGaN^fi* 
^#F115, pSG a Njg&Jil 1 6, pMGaaK 
A 1 0.15 N^'^S'KSll?, pSG a NUl ^-V s/T* 
Jill8, pSln..o7 Ga^M NH 2 ^-y :y 7°® 1 1 
9, pSi n 0. 15 G a 0. 85 

*XTV^.5o pS I nG a N^Ki^fell 2 OttH^fCp 

2 1 »± p ffiilttffi. 1 2 2 14 n iSyiM-Cfc 2)„ 
[0 1 6 9] CWlI(C;T^tfc«iitt?f4pSGaa» Al 
0,5 N^'.7 2/.K^1 1 7 ir.pSi ncs GaoK N3tK 

iifeJii 2 0 h(n>m^W>^±^<^<vY^'f y-fW)^-k 

;^ h7^'7"g|50^7 5' Kl±li(4^ pSGacB 
A 1 0.15 N^7y Kll 1 7 t pMl no.is Gao.8s N 

y^Mi^iiXhio ■'^y yf{t.pmi^ 
yyVm, ^l^^y^m. m2^^y^m, 3tffl)i* 

teia^ix, x'omm'^'fkti^\-^m'^tfiir>x\^i>. 

[0 17 0] ^2 A<r>mMW^WiX\±^m^<y Y^\y-f 
%:^^^\yy'm%:2mtLtct^. Z.n\zm^h(r)V\t 

fj:<. ^yy Ymt^m'j2^it>mt(Dy<> h'^^ y^Mic 
it^CX. ^h\c^wm<^^\y^mi:'MXiri>^thio 

[0 17 1] (^TW^ffiJI^fll) 0 2 5f4. *^P^CO^ 

[0 17 2] Eltfl 3 0H•^^7T^'Ta^S•C•^>•3. Z<D 
StRl 3 0©±I;:G a N^<S'7tH 3 1, nSGaN 
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^^V-^^ 1 3 2, nSGaoss A Kis N:^7yK 
8133, n®G a N^ZSil 1 3 4, InGaN^Si: 
^•#F13 5, pSGa N^iKgl 3 6, p^Gaoss 
Alois Nl^l pS^7 5^ Kll 3 7, pSGao.85 A 
lois Nm2 pS:^7'y K^l 3 8, p^^GaNUl^ 
-y>yyjil3 9, pSiIno.07 G a 0.93 N^2^-V:y7' 
114 0, pSlno.15 G a 0.85 N^mj^^isbM I 4 1 i)> 
Ji^^$i^TV^6c p3il nGaNTtlBiii^ill 4 Ifil^ 

if(^l 4 2JlpiRijm^. 1 4 3«n1RiJ«^ST'fo6o 10 

[0 17 3] #ii<7):^-y y T^S(±. ^1 pS^y^y K 

il 1 3 7 5 X 1 0 c m'\ ^ 2 p 5 :y Kll 3 
8^^^5 X 1 o'' c m ' . ^tcm 1 ^"ry-ym 1 3 9, ^ 

2^^yy'mi 4 0, ^m^hibm/^^^^ m 4 1 

^iV^'fi^t 1 X 1 0" cm" i: Lfco 

[0 17 4] z(Dm\^^Lfzmm(Dmt. ^^mmo 
mi pm^y y vmi 3 7<D^^vT^&^±t< lt 

m)i<^M \ 4 1 tm'r?)m2 pm^yy kso^-^ y r 
[0175] (II 8 conjgji^ffi) la 2 6 ji. **e«com 

[0 1 7 6 ] El^J 1 5 0{iih:7r^TS^'e*)'9 . Z,(D 
S^l 5 0(D±{CG a N>'<:>':7rJll 5 1, n^GaN 
=i>^^^Hl5 2, nSGao.85 Alois n^yyV 
S153, nffiG a N^SIfeg 1 5 4, InGaN^MS 
^#F155, pfflGaN^&gl56, pSGaoss 30 
Alois nm\pm.^yyYmi^7> pSGaoes A 

lo.is N||2pa:^'y';/ KSl 5 8, pSGacas Al 
0.15 N^3 pS^y :y KS 1 5 9, pSGaN^-V-^y 
Si 6 0, pSlno.i Gao.9 N^lfliAfeS 1 6 1 
JfM^^^TV^5o pSi nGa N3tPfliii6iil 6 11^. 

Eltf^o 1 6 2tipiRiJ«^l. 1 6 3finiaija^ST*fo5o 
[0 17 7] Z.(D%MrM\^i^m>^m(D^^')T^m 
fl. » 1 pS^ 7 y Kl 1 5 7 5 X 1 o" c m'\ % 
2 pW^yy Vmi 5 8;6'^5 x l o'' cm'' . ^3 p §1 40 
^7 5/ Kll 5 9;ii^^5X 1 o" cm' , Sfc. ^-V:;/^ 

116 0. %myh^m/^^^^ ^ bill 6 im^-ftvt> 

1 X 1 o" cm' T*fo6o 

[0 17 8] CCOil{^^Lfc«ig(0#mii. ftttM{RiJ<^ 

Wiyh^mi 6 1 <tg1-Sm2 p^^^yy Vm(D^\')T 

^blc^-y^/T^iil 6 0i:S1-5l^3p^^ 
yyVm(0^^')7mmi:-S^<LX.y^Vy^-fUX^ 50 
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[0179] (n 9 ommmm) m 2 7 
[0180] mq^ 1 7 oit-tyr^rm^xh^s 

a® 1 7 0CO±(CGa N/^5/7tS1 7 1, n^GaN 
=iV^i^hgl72, nSGaass A 1 0.15 Ni^75/K 
iil7 3 , n?^G a N^iSSl 7 4, I n G a N#fil: 
T'#F17 5, pSG a N^Jgg 1 7 6, pMGaoss 
A 1 0.15 N^l pMr^yy Kll 7 7, pSiGao.85 A 
I0.1S Nm2 p^^yy Kll 7 8, pSGaass Al 
0.15 N^3 pM^ 7 7 KS 1 7 9, pmCaN^^yy" 
a 18 0, pMlno.. Gao.9 N^lfliZ^feg 1 8 1 , 
pSlnoi Gao.9 N3^^i5?i5^ m 8 2;6^Jg^$tl 
TV^6o ^tc. m^(7)l 8 3\tpmmm. 18 4f^n{|IJ 

[0181] ^(Dmmm\^)sm>^m(D^^ y r^s 

fl. i[l pm^yy Kll 7 7d55X 1 0" cm"\ H 

2 pm^^yy Kill 7 8^55 X 1 0'' cm' . ms pm 

^ 7 :y KJl 1 7 9 5 X 1 0 cm'. ^^y':/Ml 8 

0 1 X 1 0 c m'\ 3tmii»l 1 8 1 X 1 0 " 
cm'\ =iy^^ hill 8 2;dS5 X 1 0'' cm' T'fo 

So 

[0 18 2] z(om\c7fk\^rcm^(Dwmt. m2 6\z^ 
Ltcm8(Dmmmm\c^n6wmcm^x. pmmm 

So 

[0 18 3] /c^fc. ^OJ:^>/.^^^y T^gcOiav^3>^ 

[0184] (^10 (D^mmm) m28it. ^mmo 
mmxh6o 

[0 18 5] m^i 9 oiit^yr^Tm^xh^ s ceo 

S«l 9 0(7)±ICG a N/^:y y^rS 1 9 1, nSGaN 
:=f 1 9 2, pS I nG a N^tl^iZ^^ii 1 9 3 

^^?i^^$tlTV^So pSi nGa N7feK32^i6Sl 9 3X 
t/nSG a N^'^-^^ 1 9 2C0±gB(^. ^(D-Uf)^^ 
=^y^yi^^ti. y^hy^y^(Dmimj^^ti?>o ^(D 
±IC. nSG a A 1 7 y KS 1 9 4, nSiG a 
&Jil9 5, I nG a N#M1:^-#F1 9 6, pMGa 
N*JSgl9 7, pSGa A 1 NiJ^yy KSl 9 8, p 
aGaNSl99, pS I nG a N^^V^^^^ h® 2 0 0 
;65ffM$i^TV^So 19 . nSG a A 1 7 y KS 

1 9 4(c:TlRiJ{Ctfi(Oy y v^gB;65Ji^^$nTl^6o ^fc. 
[g'f'(^2 0 1 *ip«iJl;<g. 2 0 2finil!Jtt<£T*fc5o 

[0186] z(Dmmmmx\^. ytmii-iibm 1 9 s^^g 
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m]2<^Sl 9 3 t&l'^'FmtM 1 9 6 i:;6^ifiStTV> 

[0187] El 2 8 (Dm^^^imi~6m(D'i^^Bf^mt. 

1 [H] S (Df^^RXl 2 [H] @ (7)^fi*{CMO C V D feXflM 

[0188] (Hi 1 (ommmm) m29\t. 

[0 18 9] ilf^ 2 1 oit'^yr^T^^xh^. 

hJi2 1 2, pSl nGaN7feffl3Z^i6il2 1 3 
;&5fl0^^tl.TV^5o pSi nGaN3fefflaZi*^)l2 1 3S 
U^pSGa N:='>^i5':^ hJl2 1 2CO±$|5H. -^(^^-S^^^' 

^^^y'fy^^ii. y^hy^zf^ommm^ti^o ^(O 20 

pSGa A 1 N^yy KS2 1 4, pSGaN» 
i^g2 15, I nG a N#aS^#F2 1 6, nSGa 
N^JSJi2 17, nSGa A 1 N^7 5/ Kil2 1 8, n 
SGaNl219, I nG a N=iV>5^^^ H2 2 0 
t^m^^fiX\^^i>o 4fc. 11^02 2 IfipfllJSfii. 2 

2 2\'tnmmMXh^o 

[0 19 0] z(D%mi[mx\t. ^m(oMmMtim2s 

^-KMjA^2:)^^7felrmi^ii2 1 3^cJ:l9ll^l^^^TV^5 
.S(ig|2 8<0S^i:l^«-efeS^\ lil2 9CD|iJfeJf$ffi{C 30 
*5ftSl;ffi^^fipaG a A 1 N^^y Kji2 1 4 t p 
Si nGa N*Miii^ii2 1 3 t CO^x p|$S{C J: ^ 
m^^xTV^So tfjfEli|19. 12124-132 

[0 19 1] :ifi^x<D%mMmx\t.. ^^i^^vmt 

UTI nG a NSrffll/^fcS'g^^^t/c^^ Z(DmM^V^ 
'^^tl^h(r>X\^fl<. I nGa BN^V^ttI nGa A 

SI nGa BNlicVMlpSi nGaAlBNt+^Ci: 

<D^Sh:^wM(D^i^^mrc'rmmx\ inGaAiB 

[0 19 2] ^/c. S«tf-:77^rS^lcpg^$ix5 
t>OTil/.^<. S i C- Z nO, Mg A 1 2 O4 , N d 
G a O3 , L i G a O2 . Y3 A I s O12 (Y AG) , 

YaFes 0.2 (Y I G) <h:6^T^#5o 

[0193] imi.2 (D%mm) m 3 o f^. ^^e^co 

^1 2<7)^teff$ffi(c>K^^^^*i— 
[0 1 9 4] gl^i2 3 Olif-^T'^TSffi-Cfc'^. ::<7) 50 
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S«2 3 0OJ:{CG a N/<^/7TJi2 3 1, nSGaN 
^l^^^VM2 2 2, nSGaass A 1 0..5 N^5:yK 
82 3 3, nSG a N?i^Sji2 3 4, InGaN^B* 
^■#F2 3 5, pSG a N»iSLl2 3 6, pSGacss 
Alois n^yyYM23 7, pSG a N^-V -^T'S 2 
38, pS I nG a N^i^^J^^ hji2 3 9, nSin 
0.1 Gaoo N3¥:ffl)2^i^l2 4 0, pSlnGaN^^- 
Vm2A\ ;5'^JfM$tiTV^5c $/c. Hl^K^ 2 4 2 
(IpiRWS. 2 4 3lin«Jffl;ST'$>^o 

[0 19 5] z.(Dmmnm(ov-'f\t.iiK(Dx.')\z\m^ 

tli>o IP^>. S-ff->^r^TSffi2 3 0(7)Jb(CG a N/< 
yyrM2^\. nSG a N:::!^^:^^ M2 3 2, 
Ga A 1 NiJ' 7-;/ KJi2 3 3, nSGaN^iSJi2 3 
4, I nGa N#aS^-#F2 3 5, pSGaN^&l 

2 3 6, pSGa A I N^7:y KJi2 3 7, pSG a N 
^\yym23S, pSi nGaN^iV-^^ h»2 3 9 

^ hVy^yy^m\zX^>^ h^-Y^^Sr^VNTpSl 
nGa N::iy^^ hii2 3 9, p SG a N^-t y :/S 2 

3 SSU^pSGa A 1 N^7 5/ Kji2 3 7C0-SB^^y 

[0 1 9 6] 2mB(D^S:Xnmi tiG aN^tm 

]2^lsbm2 4 ORXypm InGaN::i>^i^^^H24l4r 
ff^-rSo CC02[HlS<D^fitt;^ hy-r T'SBcos i O2 

^:^{iece.-f. y^hy^yi^^i$.<D^\Cf&Hr^. 

y'^y^\t2^S(Df^M:<DmXh'^X'h^mXh^o 

[0 19 7] ^MmMm(Dwmt. -^mm^mm^ch 
mh-r. f^^B^m\2mxi^t^^xh?>o 

V^5fc4e^^c> ^Sffi^tiii*i:5Ci:;a5T*^. pSi n 
G a N=i:/^^' hJi2 4 1 {ChmM^^^}i^^^^i>:itiiCXo 

[0198] (mi 3 (T^mmnm) m s i n*^p^co^ 
1 3co^^Bfl?Sl^^.^^-5¥*^^:l^-1^'<^«J*^*-rl4^g 

[0 19 9] ^mmmm^ctoi-fiiMmmims otc.i^L 

Tt^l 2co||;teff^ffi^(5fJ[5]i:T^fo^(DT\ ^(Of$LV^ 
Ui?^Jl«IB&-r5o M^c^^^fB^ti. 1113 OlCiottSpS I 
nGaN=i>^^i5' hS2 3 9SU5 2 4 l<Di^io^\Zp* 
SG a Nil 2 5 0St>*2 5 1 ^fflV^TV^6 C t TfcSo 

z<DmitpmG a N=3f--v >yyii2 3 8 i y T®S 

^iS< («^'J^tf7xlQ' cm"' ) ^^LTfoSfc*. 

[0 2 0 0] ttz. ms KomMMmxi-t. nmmmi: 
wim\mi-ftzMmnmti.x\^^6o ztiicx^. ^hy 
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[0 2 0 1 ] (^14 (ommm) m s 2 n:^mm<Dm 

2 6 OCO±I^G a N/^S/77^2 6 1,> nSiGaN=i>' 
i5'i>hS2 6 2. nSGa^ts Ales 7 5/ KM 2 
6 3. nSG a N^JS«2 6 4. InGaN#mi:^-# 
F (MQW) fStt^2 6 5. pSGaN^Jfea2 6 6. 
pSGaofs Alois N^7:>'KJi2 6 7, pSGaN 

^^^2 6 8i)'^I^S:Mf$.^i\X\-^bo pMGaN^ 10 
■VS'7"®2 6 8*Jj;tJ«pSGa A 1 Ni!' 7 y KM 2 6 7 

mtci^i^^y KS2 6 7lc;^ h7-<y4*<^y 

S^i?SBd5Ji?^$nTV^-5o pSGa A 1 Ni???/ Ka2 
6 7(^ y j/i^gBti^roffil^dnSG acM A 1 oor N3t 

S'7"Ji2 6 8. ^y-yVa2 6 7RV^ytm)Ltt>m2 6 9 
±JcHpSGa N^^-iJ'^ hl2 7 0!^)5Jg^$i^TV^ 
5o 2 7lHpll;li. 2 7 2J4nlHST'$>?)o 

[0 2 0 2] 2 6 9 (C^ 20 

7-;/ K12 6 7 ilJ A lffiJ^<0/^$V^Ga A 1 NSrfflV'' 

[020 3] Rmmm'^ftm^ffoia-iy^ h 7 -< y^o^ 

tt^»Sfc46i;i<4;^ h7-r7'rti:d^ffi|gjT*Mo|gx^ 
j^Ufc^4*»p5i:>;ii»5i5lc, | A n« |^2xlo" 

^pj^ts. 13 3 2©iijfeff^s©^!n?(i. 3tHji*:)a«A 30 

#5„ 

[0 2 0 4] JumLtcXoic^^mmmi^XtH-i. l n 
Ga A 1 BN^il^^^^U— rlC*^V^T. ^y^V^ro^ 

JtgB(^-:^(^i^7s/ Kiil^U •;''>'a5*JI^^L, Z(DV 
v'SKfflllffil^^ 7 2/ KSi t)a5T*©i^v^3fe^)Z;*S^rsS; 

[0 2 0 5] i^i 5(Dmmmm) m3 3ii^mm(Dm 40 

T&So Iil'f2 8 Ofi-9-7T'1'rS«T?$)l5 , COStS 
2 8 OW±irG a N/<i'77S2 8 1 > naGaN=':/ 
^i? hS2 8 2, nSGao.« Alois N^75'KS2 
8 3, nSGaN#KS2 8 4, InGaN#ai:^# 
F (MQW) St4ii2 8 5, pSiGa N^iKJi2 8 6, 
pSiGao.85 Alois N^7S'K1287> pSGaN 
1'7'12 8 8^5;^fiJi^^$t^TV^^„ pSGaN^ 
-V5'yM2 8 StJiOfpSGa A 1 N^7S' KM2 8 7 

^7-<:^gB^>^r^^^T3ts'5"y^l^*$i^. ztnc so 
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J; ^ 7 5' KS 2 8 7 ic;^ h 7^ y y v^W^f^jsg 

$i^TV^5„ pSG a A 1 Ni^7S' Kg2 8 7C0!) 
gKJ£i^^©tSl^f-nMG ao.« A 1 0.07 NTtESiZifeJi 2 8 

8. ^-7 5/ K12 8 7St>*)feKii*«2 8 9_h(c«pg| 
GaNJi2 9 0. p S I n G a N =1 >'i5' i> hS 2 9 1 ;i5 
Ji?^$i^T^^•5„ 2 9 2l4p®i. 2 9 3»4nl;ffif& 

10206] ^mmmx'}-±^m]2^>^m2 8 9A'^pmc 

[0 20 7] 1 6 O^JfeJi^fil) El 3 4 <±*^BJ(D^ 

E|-c$)5„ m^ps 0 Oii'fyr^T&mxh*) . znS 

:K3 0 0ro±(CG a N/<s/7rS3 0 1 , n^GaN^ 
i-M^ 0 2. nSGao.85 A 1 0.1s N^7S/K)i 
3 0 3, naGaN^&g3 0 4, I n G a N#Sft^- 
#F (MQW) SttS3 0 5, pSGaN^JSg3 0 
6. p® I nGa Ndr-^-;'7'S3 0 7, p^GaNSS 

0 8, pSGao.K AKis 7 5/ KM 3 0 9 *Sj*ft 
mi^^tlX^^^. pSGa A 1 N^'7S/ Kii3 0 9, p 
MGaNMS 0 8(1;^ hy-^^U'^^m^X:3Lyi-y^ 

ZixiCX'O. ^'7 5' K®3 0 9JC>^ h7-l'7" 
1^<D]) yi^mm^^i\^X\'^i>o C(0±lCpSGaa« 
AI0.0, N)tffliZ;*l3 1 0, p^G a N3V^^ hJi 
3 I lf>mi^^tlX^^i>o 3 12f4p«<g, 3 13f±n 

[0 20 8] :^mMmmx}t. ytm]h>^m 3 1 o p s 
xh^rof). SfBj$S{±2[HiT'^tf„ z<Dmmxi-i.. p 

SGao.M Alao7 N3tHji*M3 1 0 ir pS I nG a 

N:5r-V'5'7'S3 0 7 tO-^T ^UMlZj: 'O m^'^mi'^ff 

/£*3tt5<, ■r^f*:>t., y^ V y -< ^^x\-t. z.n-^T'om. 
aiiJ;'9ttS(±j5itix'ii/\ >^ h7i'yg|5-t?(ipS 
GaNM308;65pSl n G a N=3E--\' j'T'S 3 0 7 i: p 
MG a A 1 N^'7 y KS3 0 9 t roFB^IC}l^^$i^TV^6 

SGaan Alo« N5fegflii*M3 1 OCOJSSf^iSpS 

G a 0.85 A 1 0. IS Ni? 7 ?/ KM3 0 9 J; "5 

[0 2 0 9] (^17 CO|IJS)i^ffi) m 3 5 (4*«PJ(Dm 

1 7<D|l8lff^fi||c#5i|5^^«:u— t^•©1»^^r*-t-»riilil 
T'fo?)., H^JS 2 0(li?-7r-YTS«T'fo?). costs 
3 2 0©±I^G a N/^-;/7rS3 2 1 , naGaN=i>' 
^'^hM3 2 2, nSGaoB A 1 <m5 N^7S'KM3 

2 3, nSG a N^iKS3 2 4, I n G a N#ai:^# 
F (MQW) ei±l3 2 5, pSG a N^iSJiS 2 6 , 

pSg a 0. 8S A 1 0. 15 

a 0.9 A 1 0.1 NH 2 1^ 7 5/ KJi 3 2 8 ;65^ftJ1?^^ 
TV^Sc p®Gaa9 A K. N^2i^7yKS32 
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8, pSGao.85 Alois N^li?7y KJi 3 2 7(4, 

^'7 5/Kl3 2 7. 3 2 8 y ?/ i^gSJ^^O^l^ 
(CpS I nG a N)tF^iZ^*S3 2 9 ii^iitRWtcaii^Ji^ 
^"bi^. KJi3 2 8Xt/5t^ji46ii3 2 

9±ICttpSG a N^v-^^ h^3 30im]^$nX\>^ 
5, 3 3 1J±pttffi. 3 3 2(JnmffiT'fo5„ 

[0210] :^nmBm<om^mmn^ i <;5iiteff^ii 

Ga A 1 NT«L/c#ii1figt t, -ft^::^ j/f-ViJ^lC 

[0211] 036 H±IEIIJSJi^S©«ig*<^filci-5i 

Ott. rtgB(7){RiJg!::fe^oT=i^/Pt<tc^#Jil;<i3 4 1 

ao;^^-7-3 4 2St/NaOH^jg3 4 20 

uj:\^^^^if\-(D='y {^u-yA^hm^mm^^nxms 

Na OHitfRS 4 3^tt#1-5, NaOH^W3 4 
3lil4, Ga N^#-ii«igSr?i^^L.fcS^3 4 4/55^$ 

[02121 r WSS 3 4 4 (4, ^Sg^COil^SmM 3 4 
5 0iEffl!IiCg^$i^TV^5o Sfc. ^^(*l©^flimil3 
4 1tt, i:««ai3 4 5roAffil|lwSi^$iXTV'>So 
T\ a^ftmMS 4 5^;t>'^^lii:1-5i:, S«3 4 4« 

[0 2 13] CO<J;5*m^{li^fi<J^s'^:^^{-J:'5> 

7lC^LfcJ; 9 1-, A UI^<Di^V^Ga A 1 NSai-y^ 
ix2.o */c, **JfeJ]^ffiT-(4pSGaN^K^3 2 6i5 

[0 2 14] JitJ, :iii/^>'^7'D7T-1'>'»'4rSW1-5 
fcfeW#Jitgii(±, 113 5lc*L;t2Ji«igliPSf>-f. 
3atA±T'bS:< , $ fbf-WXLliG ao.,5 Ales N*^ 40 
^G a NtT'iiiB^6t)l^tt^4'2^liS-frfc^U-r -7 KS 

^$^X'5t)C>Ti±/£< , KOH, HF^^j^. HPO> 
^<Dmm.im\'^i,Zti)'^X'^i>o 
[02151 (^1 SOUJfeJI^ti) ia3 8tt*?8?^(DB 

1 8<7)||ffiff^ffi(C'^i^5ili^f*:i'-f-*cOtS^^^1-BrB 
^x-hi)o Iil4'3 5 ojif-^r-YTS^T-fct) > ^roS 

^3 5 Oro±(CGa N/^y^T^S 5 1 . nSGaN=i 
>^i'hg3 5 2. nSGaass A Uis Ni^VyKS 
3 5 3, nSGa N^JS13 5 4, InGaN^MSi^ 50 
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#F (MQW) S14^3 5 5, p^GaN^i^Ji3 5 
6, pSGaoss AI0..S N^l ^ys' K13 5 7, p 
SGao.9 Alo.. N||2^7-y FJi3 5 8, pSOa 
N:3E-^S/7'®3 5 9;S5^ftJi^^*$tlTt/>.5o pSGaN 
^-ys^7°g3 5 9, pSGa(..9 A 1 0. ■ N|g 2 7 

Kg3 5 8, pSGa..8s A Uis 1 ^ 7 y 3 

5 7«, ^ h7'1'7'SB^S:l^v>T:t.;,f-vm*$ix, 
riXiC i "9 , 7 5/ KStCTi h 7-r 7°^^<73 y 5/ v^SBi^J^ 
fig$nTl/^S„ ^7->KJi 5 7 7, 5 7 8 y :y vfRU-l 
^WffilSlipSl nG a NJfeW-iifeSS 6 0 ;S5j]^j5)c$n 
TV^5, 3 6 1ttpS<i. 3 6 2fin««T-fe.5„ 

[0216] *|lifeJf^li{Cjo(t5«?S^«?S<4, pSG a 
A K,s NBl ^7:y KS3 5 7 t pS I nGa N 
*W)i*S3 6 0 tO-^rPpSffiJCilJll^^tl-So 4 

[0 2 17] (mi 9©|ISSJi?ffi) 1113 9~EI4 014, 
*I6W0^1 9©||JSJI^IiJC^5i|^^^f*:^— y-'0|S!itI 

siar-feSo 1113 9 (a) f-7T-<rs 

«3 7 0±U(4, W^^^JS^^a^fife (MOCVDffi) 
G a N*»^*.5 1 0~2 0 0 nmj¥0^<y7r 
13 7 1, S i K-7°©nSG a N^^^TiS 4 MmJP© 
nM='>-:J'^ hJi3 7 2, S i K-T'ro nSG a 0. A 

la! N^i^ej/^^) 2 5 0 nmff©nS^7S' KS3 7 
3, S i K-T'WnSG a N^a^fjTtS 2 0 0 nmffO^ 
Kl 3 7 4 , Si K-7°Ci nSG a A 1 N;d--^<-7 n 
-K±13 7 5iii5NIiS>Cff^Ai<:$ix5o 

(0 2 181 i^V^T, nSGa A 1 N7^-/<-7D-E35 
±Jl3 7 5±tC(4, 1. 5 nmJlcOy V K-7° I no.25 
Gao.Js Nino's nmj¥©/> K— 7°I naos G a 0.95 
N(7)2iffi!lS<0 I nG a NJIS: 5 OJiffliHI*) jILT«^$ 
it?>§rmm^^W (MQW) «ig©ei41 3 7 6 ;450^ 

[0219] ^ L-T, Sttg 3 7 6 ±ic|4, M g K-T" 
©pSG a A 1 N^^-/<-7o-E5Jl:S3 7 7, Mg K 

-7"<DpSG a Ni^hfj:^ 2 0 0 n mffO^SJi 3 7 
8, Mg K-7°CpSGao.s Alaa Nd^fj/'.tSpS 
^7-;/ Kii3 7 9, Mg K-T'Wp^Ga Nd^lb'tS 
0. 3 iimm'O^'r •y:fS3 8 Oimi^Bl^^t^i>o 
[0 2 2 0]!!>:!C, pSG a N^-^ ■^T'iiS 8 0±tC 
J±, use VDjfelCj; 9 , S i O2 fli^^e)i^e5 4 0 0 nm 

;^^^3 8 1 ±tC|±, h (AZ 4 1 1 0) li'^l n 

1 2 0°CCig*#ffl^C»:t-:7VlC2 O^^PsW^^^iX, 
CDS iOz •^"^ Jl t l^v';^ 

[0 2 2 11 13 3 9 (b) IC^1-J;5IC, SiCtt 
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>(iry\f-.i^:^y^>if (RIBE) jStrit), pMC 
a N^-t •yT'iiS 8 014. p a A 1 N 7 5/ KS 3 

Jl, a:yf^y^';<f7.ir LTC 1 2 S Fe tOg 

•^;^;^5rfflV^Sr.tlC<tt)x GaNiGa A 1 NWiitR 10 

[0 2 2 3] -v^^ pS/n°7-2 0 0W> -1" ;d-^^AP3ll; 
JI500V> CI2 :ff:^!£t)0. 4mTorr— Si: 
SFe ;«f;^Sra5;!lBUfc^©G a NirG a 1-. Al. 

N (x = o. 2) (om^ito^^t^mA nz^-r, 

[0 2 2 4] S Ft :ffy^(DEtiiimMi-^lzm\>\ miR. 

ittmMi-^o Cix(4. SF, :ff:^^mM-tiZ.t\cX 

'O. Ga A 1 NJi©:t5/^>':/{C^L. ^SlC^iltSI 20 

[0 2 2 51 ZtH^X<0. Ga A 1 NJiC0:ty^y//jg 
gf4ii<''<e'3. UTGa Nic05itRit;45;:i^#<^i 

'>/<C< irtF^^^t UT-^tf;</;^. «FiJ;t«CF 

t?iJx.ff02 , CO. CO! ^©*n#. '>/^<i:t,0 

■ (±. G a A 1 NJi(Oais/f^yi/W^(C, UtSitliV^A I 30 

[0226] $lb(C. GaNJl380tGaAlNJi3 
7 9 i:<^#E-C)tt^l:::ts.f->-:/^fl:il:-r^,ic(4, iltR 

5ii:d5*j4LV\ *|lifej^ti-e»4. w-^W-J: 

>^^i|Sf«®(cKft6 5 0 nmOl'— f)t5rfi^Mt. R 

i:« StR^^J/^^'i/fetWffltfct^. GaAlNCOrn 
J/f^Vi/iig^^ilV^fc*. Ga NS3 8 Oroaiy^yi/ 
^<^SW)t?SgOSi!iroffl» GaAlNg379© 

[0 2 2 7] £A±©*-i5felC J: t) . :^mMl^t^XH. G a 50 
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A 1 NJi 3 7 9(D^-/<—:3Lyf-yy^4 o nmJilT'C 
:^ y'f->^'^fii^JX'^io :^-yi'>i^T.m(Dm. ^ ^■'^ 
^Hz SO, : Ha O2 : Hi O^JK'f't-Jlft. l^i^;^ 

[0 2 2 8] Ui±ro«!!a«^^x 03 9 (c) I'^-f-J: 5 
ic. IviOCVDlcJ:5B2|HlS©^filiJ:'?, Si K- 

S^^S) 3 8 2;ii^pSGaNdr-Y5'7°l3 8 0©{|iJffi 
IC?&oTpSGa A 1 N^yy Kl 3 7 9±{C}^J|g$tt 

?Stt'l-a(tt)4x. S i 02 pSGa 

N -v s^ys 3 8 0 -assw 

[0 2 2 9] iSkV^T'. 04 0 (d) (CTp-f ^ MO 
CVDl;J;5^3[HlS(0^fi{Cj; 19. pSGaN^-V-y 
7"S3 8 O±&0pSGa A 1 Ni?7s/ KS 3 7 9±tC 
Mg K— 7'©pSGaNi6^P)/i5 0. 5 m mJ?©3 
hJis 8 s^-iffM^t^So CI, ;^f^^fflv>fc 

RIBEI^it), nSGa N=>>'^'^ hii3 7 2d5gtii 
[0 2 301 -t©^. E140 (e) I'tj^-T J; tC. nftlj 

ci«^i3 8 4fcj;t/p{iijroa;^s3 8 sr^ff^fife^tv. 

[0 2 3 11 i**. f-'l^iJV>TI4, ^img 

W^ftlCiiJ. nSGa N«^SiK^S3 8 2tT'$:^fi 
^©^, K7'r:3Ly^>'yiCj;'5tti5£i^?&®3 8 

hS3 8 0 5rj5S;;ft§-fr.5tv^^iSit*&tfeSo 

[0 2 3 21 LA^L. ^MMJ^Ml^XM. nSGaN 

mis^m^Ms 8 2itm2^S(Di^^x-msi-^tztb, m 

C aNm^$i^^3 8 2^n<mf^X'^^o ^tz. K7 

^ :zL.yi-y^'/^^^^^%:mMi)mi^f£\'^tzl!l>. #E 

[0 2 3 3] ±mLtzXo\c:$:^mmmi^xtnt. mit 

lb. ^y y h'^cV y':^^^mi^ir^xm\c}6h^xmS 
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[0 2 3 4] (112 OWHJgJi^S) Iil4 2~E14 311* 
[0 2 3 5] ^HJSj^^tt. iiJcO 2 0(;)^-eB 1 9 (DM 

mmmint^fi^o i^ej4> 042 (b) ic^tj;^ 

Ic, p^G a A 1 Ni^'y-;/ KM3 7 9lc{txT> Ky-T 

SGa A 1 N:?^?/ KS3 9 0:SSJi^^$ilTV^5o 2^ 
gfl. 114 2 (c) (C7S1-J:5(-. pSGaAlNi?7 
s/ KS 3 9 0 i4> ■& y s/ v^:S5-=E:©lRi]95JC«i o T n S I 
nGa Nm«^^Ji3 8 2lrj; fJSi^^iXfcC fCfe 

•So 

[0 2 3 6] C WtiifiT-»±. fl:?5SiK^S 3 8 2i)K V -y 
v'cOjS^ftijT-SttS 3 7 6 ICifi^-rS tctb. I n G a Nfl; 

mmmmsa 2©!SiRa^<^iKSPlcJ;t3 4i:S7K¥:^i^n 

y S'V^Oi^iilcOGa Al NOff^H. HiJit^^JiS 20 
8 2 i:Stt^3 7 6 ttoiSiKclgSi-Sfcfe. u— f * 

[0 2 3 7] iLX'mJ&mm\C, m4 2 (a) tC/i^i-a 

I BEifet^-fflV^So :i^S'^Vi?*^#f4, Cl2 ;«';^JE 
;'30. 4mTorr, S Fe iJ^S.t)0. ISmTor 
r, -r^^ciiS/N°!7-2 0 OW, '(';t>';!jPjifl;jE5 0 0 30 

[0 2 3 81 pSiG a N=3r-^--;/7°S3 8 Oif^tt^;^:? 

pSG a N^-^ ■>'7'g3 8 OlCfcftSv^ 

(4, G a N/G a A 1 N<DStRltii5 l . 2 5 SgT'fc 

G a A I NcOai-y^V^^iiS;*^®^^^:^, GaN-t 
Ga A 1 NtCOl^SJCfcV^T. W— T^fef* = ^ ICioft 

1 5 0 n m|;:ffia G a N/G a A I N 40 

i->'?->'^S:^?±Lfc, ^<om^. 04 2 (b) tc^i^i- 

J: ^ IC. y i^(DM{|iJCi pSG a A I Ni? 7 .y KJi 3 9 
0<D9:$ir LTsSt+iit)©! 0 0 n m^?5 UT^i 

[0 2 3 9] i<0 Ky-Y^j/^^V^ISI-fcl/^T^ *^ 

li :ft^<D^^m^^tc^'^. G a NiGa A I NittIS 

-f-'^«^* = ^lCtett5SI(j^^(DGa N/Ga A 1 N 50 
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[0 2 4 0] *IIMI-'R5i!Ut:^ffiT»4. atR^i 

[0 24 1] t>l±<DJ;^lcy v^JF^figcom. 042 
(c) iCTi^-f J: i5 2lH]S©^*:-eng! I nG a N 
a;jSiE»55l3 8 2?!i5iitR}gfi!c^ti6„ $fj|::Si02 ^ 
04 3 (d) {i^i^i-Ji^lc. ^siaaro 

^fi:T-pSG a Nay^'^' hji3 8 3^i5jf^^$iX5o - 
(OpSGa NnV'ir^ |.^3 8 3{±, K^-T^t y f^Vi/ 
KX^s nSGa N^i^^i? hJiS 8 4;&5gttli-5*-C 
:^3'f'y^^$nTyi^;45ji^i*$ix5„ 1114 3 

(e) \Zm-fXoK^ pMG a Nay^i^' hJiS 8 3± 
Iipffiijl;ffi3 8 5j55ji^^$tl, n^G a N3:^i?^' 

3 8 4±ICn«l«ifg3 8 4^5j^^$^t. U— 9-';d5 

[0 2 4 2] ;iC-C. *IIJiJi^^T'{4. «jSft^^Ji3 8 
2tb-CnSl nGa N€^ffia.tf#-^ICOV^Tlft§^L 
fc;ii5a!jft*?IH3 8 2<^)*tr4i: UTtt. nSGaAlN 

[0 24 3] (^21 (ommm) 044 ( a ) ~ig 4 

4 (d) \-x:^wmm2i<Dmmmmi^'^^io^^m{^\^ 

mtmfj:i>^it. 04 4 (c) iZT^-rXoic, SD^fifeft 
X'itfK y i^±{$iinm I n G a N«?Sl$feS^Ji 3 9 1 

[0 2 4 4] Z(DU—fmiaXh. 04 4 (a) Ic^-f 
TM<r>'^. 04 4 (b) IC^i-J;^IC, K7'f:i^S'^y 
i/l-iO. pSG a A I NiJ'y-;/ K€3 9 O^y yi^t 

;i-e, y yi>(Dmm<DG a a 1 Noj¥$ ti, mMM^m 

3 9 1 i:Stt^3 7 6 i:Ogg|||{Cj^®^-^;t5©-e. 

2 OcoUffiJi^ffiirl^^flr. ^-if©$^/£«*- K^ffi 

[0 2 4 5] *|llSJi?ffi»C*JV^Tl>, ^2 0©||J6Jgffi 
^■-^'t^ffl^-^TfflV^So ^WiSm. 04 4 (c) IC 
[0 2 4 6] (^2 2©||Jfe}^ji) 04 5tt. *^?^<D 

®0"e$>?>, 

[0247] 0'lJ4OOf4nSS i Cm^-^h*) , Z<0 

S«4 0 0t7)±i;inSZ nOil4 0 1, nSGaNS4 
0 2, nSiG a A 1 Ni? 7 2/ Kg4 0 3 , G a N^&^ 

4 0 4, Im Ga,-j N;a»e>'!s6^ 1 <^Stta4 0 
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hf£ifH2<DiS{tm4 0 7RXfG a N?»2Sl4 0 8 im 

Idfcl^-C, pSG a A 1 7 KS4 1 1 a&t/b, 
nSl nGaN)tffli^;J?)S4 1 2a3iUfb, p^GaN 

='y^i!' hS4 1 3 aR-(Jbfjmi$.^riX\^^ho 

%<Dm't-tiCXoXnt>fl^o 4 14aZit/b(i 

pffiij«i(l, 4 1 5J±n«i)S<ST'fc5o 
[0 2 4 8] CrT% ^l«SttS4 0 5(0^<y K+> 
;y7°E gi , ff^ d 1 i:. ^2<DSttii4 0 TO^^^- F 10 

E gi >E g2 ••• (1 6) 

d 1 > d 2 ••• (1 7) 

14 0 50 1 j=0. 05, H^lOOnm, B 

2©etil4 0 7© I nlMk = 0. 15, iP$10n 
mtLfc. CtVti. llfilSST'A. 1 = 3 8 0 nm, A. 2 
= 4 1 0 nrntcftSi-S, 

[0 2 4 9J C©^-lJ-*«ig0^iro^*SAT-|i> Stt 

Si65^ioSttS4 0 5co^T*fe.5/c*:). ::©SttS4 20 

0 5«ig*3 8 0 nm-e^S-f?), il2ro^iKB 
T-ttmiOSttl4 0 5 t®2©f§tta4 0 7 

•t6*\ M2(osttii4 0 7 (D/<> h'^\ •y:f<D:f3i)'^^b 

^^j!*tiJ»^^(iB2©ffitt^4 0 
fifo-C. C©®«T-J44 1 OnmT'^S1-5::i:lC 

10 2 5 01 Bl®ffi®A<0ftttji4 05fil00nm 

fJ^BTfil 0 nmiift^SttS4 0 7©fc*.. >t^<y 30 

O^HEAWU-f-'^^fiiLffl, m2<Dmi$i.B<DU-iFi 

5 .y Kl 4 1 1 (/3fflffilC?g14Ji 405, 407^1?^ 
K^-vs'7°J^^>'i'^-(0/h$i/>:JtWjii6S4 1 2?r 

[0 2 5 21 0 4 5iZ7F=Ltc^mi^^—^<DmmT.m^ 

m4 6'-^m4 7^^mLxmmti>^ *-fs 114 e 

(a) !C^^1-J; nSS i CaS4 0 0 OJLIC, n 

SZnOS401, nSGaNji4 0 2, nSGaAl 
N;!'7 •;/ F14 0 3, Ga Na|iK^4 0 4, InjGa 
w NSttS (^iSttS) 4 0 5, GaN^;Kii4 0 
6, In* Ga,-. NStt@(B2ettJi) 4 0 7, G 
a um^S 4 0 8 ^)lfi?>:^SS1-5o 

(0 2 5 31 iJcV^^e, il4 6 (b) iC^Tx-f J; ^1 
©^l^A{CtJJt5^j6M4 0 8 i:ett®4 0 7*^5'^ 50 
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i/^T-|^*t?)o Z<Dt^. ettl 4 0 5 (la^SJi 4 0 

[0 2 541 Hk^^X. m46 (c) {C^-f-^^t-. ^ffi 

1^ pS^G a A 1 N:J' 7 :7 KJi4 1 1 Sr^fiL. -^rWjilC 
S i 02^4 2 1 ^P^y<y ^jt^-Cfl^^-fS, 

[0 2 5 51 ?kv^-e« la 4 7 ( d ) 5 ir , Si 

flS4 2 1 (0-'N°^-->^^ffoT, ^iltr-rp^^i 
LTfIl^ASl>•Bic^:^^^'^^y 5„ 

[0 2 5 6] ik^-^X'. 114 7 (e) i S i 

*iafc^tKji*S4 1 2^i^&-ri>o 
[0 2 5 7] ^\>^X. HI 4 7 { f ) iZmirX 5 (C. Si 
Oe pSGa N3V^^ FS4 1 

3$r^ftL. p{|ij||ffi4 14, niai)l;^l4 1 5 5rJi^^ft-r 

xm^m^Lxm^';^m%:rf'i^t\zx<>x. mmm4 
[ 0 2 5 8] ^i}&Litxoic:^mmmm\zxhtt. jfus 

[0 2 5 9] {m23<DmMmm) Iil4 8fi. 
|g 2 3©IIJfeJi^«IIC'»i55i|^^aj(^:v— (f<Ofl|^^^-rBfr 
Ell-efc.5o ''.C*^. lai 9 tra-a^M-ttH— i^#5r# 

[0 26 01 *^ife}g«|W«itStJ5«[it:fejfett^ 22<D 

t^/i5,^l4, mi<0jSttii4 0 5lcf^XLT^J?d 1 
^l(0SttJi4 2 5^WL« l.om2©SttS4 0 7 1C 
f^xT, ^l©Sttg(D)8JPJ;i3t)*#V>JS^d 2Sr'i) 
o^2©Stt®4 2 7Sr«;tfcC:i:T-$>5„ 
[0 2 6 1] -t-/ih>*>. mi(Z)e't4l4 2 50aiffd 1 

tW,2<n^^m4 2 7©Ki?d 2i:<7)M'^?r. 

d 1< d 2 ■••(18) 
t\^tzZ.tX'hh<, BPt>. dl = 10nm, d2=10 
0 nm.^: Lfc, ^fc, ® 2 WfflJiEB IC p S I nG a N^^ 

nxs 4 2 8 ?rsSftfco - wKiRii 4 2 8 

•So ^<^«it«0#^tC(±. 7tX'f;^^JSffllC*JV^T»l 
©^JgACDW— f^lSfiiffl. ^2©^^BWU'— t^'^gg 

[0 2 6 2] (B2 4C03IJfeJi5ffi) 114 9f4> *%B^» 
[0 2 6 31 El't'4 3 Ott-tJ-7 7-l'TStS-efc?). Z.<D 
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Site4 3 OOJilrG a N/<S'7tS4 3 1 , nSG a N 
3i^^^hS4 3 2, nSG a A 1 N^?7 y Kii4 3 
3, nSG a Na!Sl4 3 4, InGaN#ai:^#F 
-4^t>'i5BiroSttS4 3 5, TVK-T'GaN^Sil 
4 3 6, I nGa N#-a4^-#F;5^<b7'^2)||2 0ffittS 
4 3 7, pSGaN^Kg4 3 8, p^GaAlNi?7 
S'K14 3 9, pSGa N=^r-^'S/7'^4 4 0, pSin 
G a N3t&1ii*Ji4 4 1 , p 51 I n G a N => V^' 
4 4 2;6'iJfM$iX-CV^.5„ il4i(7)4 4 3^1/^4 4 

4 dpi;®, 4 4 5itnmWMX'h6o 10 
[0 2 6 4] ^C-C. i^l©#mft^-#Fei4^4 3 5 

3 7C0/<>-K^> S'T'E g2 tit 
E gi >E g2 

l:i^#Ffi^ttJi<7)#FgW I n 0^$r 0 . 1 5 i: H 
2 0#ai:^#FSttjiO I n^I^^O. 8 k Lfc, ^ 

a*^-#FettSW I nffi^tt)i^(^G a N W-f-*t'tfc 
'<T:>ctV>iK tf L5 I nNliifiV>ffi^-C$>5fc*«C^ 20 
fat t-C(4fflfpW<^>t)C;J5#f5ix6o 
[0 2 6 5] CWi 

(0 2 6 61 El 5 0 0 4 9 t^^ L-ii-MMMBO U— 

j;eitcn®«iffi!)(±*a(c-ctsit», mx.ii^yy-(y 30 

[0 2 6 7] (^2 5©||JSji^ffi) E15 1(4. *^E^CO 

[0 2 6 81 Elf 4 SOfif-^T'TTS^STfo*). Z<D 

S^g4 5 0(D±(CG a N^<y7Tii4 5 1, n^GaN 
3>^'^hJi4 5 2, nSGa Al N^y-;/ KJi4 5 
3, nSGaN^tea4 5 4, I n G a N#ai:iP-#F 
1 CDffittS4 5 5, T^K-T'GaN^Kg 

4 5 6, I n G a N#aft^#FA^'b^i5l|2roftttS 40 
4 5 7, pSG a N^!SS4 5 8, p^GaAlNi?7 
S/K14 5 9, pSGa N^-y S'7'g4 6 0, p' SG 

a N^^/i?^ hl4 6 1, I nG a N3tK3i»^)ll4 

6 2, p' MG a N=ii^^i^ hg4 6 3i5S^^$ttTl^ 
5, ttz. m'p(D4 6 4St;f4 6 5(4pfflijmii> 4 6 6 

[0 2 6 91 Ml W^fiS^^FSttJi 4 5 5 W^-^i^ F 

=¥-y:y7'Egl, tm2^mmi-i^r^\±m4 5 7(Dy< 

>K^-Vs/7'Eg2 ttt 

Egi >Eg2 50 
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{RlJOl^-f-'-CiiE g. <Dy<y K=¥-V :y7°;c*@a-r§&;S: 

[0 2 7 01 m2e(D^mmm) m5 2\t. ^mno) 
m2 6 <Dmmmmic^i^^^mPf-\^-^<Dm^^^-tm 

[0 2 7 1 ] u-i'nm^Mmmitmt&m 2 a ic^ Lfc 

colSiSJi^ffitcfcv^T'b, M 1 «#S»^-^fFStt^ 1 9 

4 7 0(D/<V h:3r> s/T'E g2 t ©F»1#5r±Keo <fc 5 I- 

[0 2 7 2] (^2 7ro||Jfejr^ffi) US 3(±. 

[0 2 7 3] COHJfeJi^ffiirfctt TOS* 

tftBJtt«»Si-'5„ i05|liSff^ffi-e(4. S^ffi^^!>><D^ 

[0 2 7 4] llffi©4 8 OI±t— h->>-i?Tfe5o t — 
h v^'i!' 4 8 0 i LTfi, Cu/<et'©ffi, BN^y-r-^' 

So Crot- h->>:i'4 8 Ol^timiC/T^Lfcj; 

^sgttTfct). ^<D±\c/^y-^ ^'i,:.xi>^mm 

fiT i /P t/AuS) 4 8 1~4 8 4;45jj^^K$iXTV^ 

5, 4 9 0f4m«ra*^>iiii-5fc«)ro5>ii8i-efe 

■5„ ^^^^-YXgi^j^^^w— Ifom^iirH. AuS 
n^(D^mU4 8 5~4 8 9 |C J: i±« ^nXI/^^So 
[0 2 7 5] *^JfeJ^ffi©J:9fC«^(|py'>V©7i'!>V 

[0 2 7 6] /ijb\ *«?a(±±a!Lfc«-|IJfeJl^ffi(CPIS 

[0 2 7 7] 

Sr#5wi:<0-C#5 I nGa A 1 B NS©^i^^^ft:^-1>-' 
[0 2 7 8] Sfc. ^^P^ICitttf. ffittSJlSW^O 

[0 2 7 9] ^t^icsy-c. igf+^ffli^ 
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(0 2 8 0] */c> :$:mm\cxinf. m^M^o^^v 

[0 2 8 1 1 Sfc. m'cn') ^j^mt 

mm(Dm^fmm] lo 

[0 2] ^ ^7'l'7°rt^(7)^«ffi^(T*^A n„ . s** 
[Els) L#VMt«)5tt^Sj>» , a^ao , a^^Aa 

ISo 20 
[117) SCH-MQW«itl:ifc(:f5^'7i' KUffcLd 

(128) L^vMfims^^Sjtb . jtWi^fe#i:r(cM 
L> i> 7 y KSJl.i.d 5feWc^JSSJ¥H„id. iOM^ 30 

(HlOl SCH-MQW«iil^i5(t-5^ 7 :y KSff 

(lai ll SCH-MQW«igl::jo{t^^'7 •;/ KSff 

[ HI 1 2 1 *{S:#Fgff a c L V MitmSft^S J / 40 
d... icggL. *K3^*i:A X • (Hc„. /X) ' (H 

1121 1 31 I^^JgJi^fillcfcftSili^^*:^— rromiitW 

(mi 41 *^?^l::J:5L#v^ffl[(6jl^^*SrtftW-f5fc 

(mi 51 2f-y<-7P-E5±s^s§:it'iv^J©-a-o^<>' 

(mi 61 :r-/<-7o-K±^SraS:»tfc^^®^^> K 



Itr^S^l 0-294529 
46 

(mi 7] :^%m(^m2(Dnmmi^^t>^^m^i^- 

if©tff^^^-rwBm„ 

(mi 81 ^mm<o^3(Dmmmm\mt>^^^mi^i^- 

(mi 91 *«PJcDm4©||JgJi^li{c«tJSi|£^#fi|i:^- 

•rw«fiX^*i-Kfiffimo 

(02 01 -^Tu^mi:.ximmm.±^^<omm^7r-r 

00 

(0211 p -G a A I N/p - I nG a NlfSSr^O 
(02 21 n-G a A 1 N/n- I nC a N#ffiSr**o 

«)^ici5(t5«ffi^g^-«Ei#tt^^-r0o 
(02 31 ^mm(om5(Dmmmm\c»^iy?>^mi^^- 

(02 41 *^Bjom6 0^JSJI^«lC'^i95i|i^«:i— 

f-*(O«fi)c^^i-WB0o 

(02 51 :^^m<r>m7 <Dnmmm\mt>i>^^^\y- 

(m2 6l *l|B^ro08O|IJ6Jgfl8{C'»ip5i#S«:^- 

■t^'©«^*'^^1-Wffim„ 

(02 71 *|g?«©«9©|IW^ffiJC«j75¥«{*:^- 

(02 81 ^wm^io<r>mmfmK^.t>^^m^^ 
-f-'oti^^^i-BTEm„ 

(02 91 ^igBJo^i l(^*lfeJ^^i^c■^J:»5i|£^^^:^ 

(m3 01 *^P^©^1 2(D||Jgff^®tC#*p5i|^^«:V' 
(03 11 3 0|lteJ^fi||C^jD5i|^^«^U' 

— tf»«^^^-r^!a0o 

(03 21 :^^m(o^\ ^(ommMm\'miyi>^M{if-i^ 
-f-*w^^^^-fwffi0„ 

(03 31 *|gP^<©lll 5(^||Jg}^ffi(C#ip€,i|5^^ft:w 

-• tJ-'co«^^^-r»TEm, 

(03 41 *i6iqoi^i 6w|l^fe}^ffi^C'^^55i|i*^^:^ 
-if<^«^?r^1-»Tffi0o 

(03 51 ^mmof^i 7 (Dmmmmicmi^?>^^mi^^ 

(03 61 mmmMmi^in-fi^-y^'^'^:fj^%:mmi- 

(03 71 m%-mm\^^m>^y=}-y^':^^^mmi- 

(03 81 ^mmnmi B<D-M:m^m\z.^t>^^mw^ 
-if©«^4^i-iTBmo 

(03 91 ^mm(Dmi 9 (D^Mmmic^h^^mi^^i^ 

— !fwS^iglS0o 
(04 01 Pllffifl^fillwfc(:t?)^^«i:^-i^C)l!iigXS 
0. 

(04 11 PIIJ6Jgffilcfc(t5atRJti:;^;^ia^iwM 
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[1)4 3] mmmmmic^n^^mi^^-^owi^iiu 
mo 

11214 4] ^^m(om2i(Dmmmm\^^^i^?>^mi^i- 

[[214 5] 2<D%im%\Z.^^'h^^%W^\y 

[il4 6] lRl«JfeJgffilCi3tt5*^<*:u-ifcQKiiXg 
l21o 

[1214 71 |WlliifeJ^ffitCfcit5^^ft:i— ifcOiliiXS 
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[1214 8] imm(D%z?.<D%mm\z.^^t>^^M^v 

([214 9] if^Wm%2A(0%1mm^z.^'ip^^M^^y 
([215 0] 1214 9(C^Lfc^Jgff^ffi(Dl^-ifl-fctt5« 

(US 1] i^mm^2 ^(n%mm\z.^^'k^i>%mv^\^ 
-f-'coffi^^^-rwffiSo 20 

[1215 2] *I8?^60||2 6 0*liJi^ffi^c#^^5^^^*:l/ 
-1f<?)«^^*i-pWffil2Io 

[(35 3] i^wm%2 1 (DwmWi^^^i^h^M^^- 

-if<0«^i!c^^-f»TSI21o 
[iff^cOlftPJl 

1 0, 3 0, 7 0, 9 0, 1 1 0, 1 3 0, 1 5 0, 1 
7 0, 1 9 0, 2 1 0, 2 3 0, 2 6 0, 2 8 0, 3 0 

0, 320, 344, 350, 370, 430, 450 

11, 31, 52, 71, 91, 111, 131, 15 30 
-1, 171, 191, 211, 231, 261, 28 

1, 3 0 1, 3 2 1, 3 5 1, 3 7 1, 4 0 2, 4 3 

1,451 - G a l^^^yyyM 

1 2, 3 2, 7 2, 1 1 2, 1 3 2, 1 5 2, 1 7 2, 

1 9 2, 2 1 2, 2 3 2, 2 6 2, 2 8 2, 3 0 2, 3 

2 2, 3 5 2, 3 7 2, 4 3 2, 4 5 2-nSGaN=i 

^y^^ vm 

1 3, 3 3, 5 3, 7 3, 9 7, 1 1 3, 1 3 3, 1 5 

3, 17 3, 194, 218, 23 3, 26 3, 28 

3, 303, 323, 353, 373, 403, 43 40 

3, 4 5 3 - nSG a A 1 NiJ^ 7 :y KS 

1 4, 3 4, 5 4, 7 4, 9 6, 1 1 4, 1 3 4, 1 5 

4, 1 7 4, 1 9 5, 2 1 7, 2 3 4, 2 6 4, 2 8 
4, 3 04, 3 2 4, 3 5 4, 3 7 4, 4 0 4, 4 3 

4, 4 5 4-nSG a N^JK^ 

1 5, 3 5, 5 5, 3 7 5 - nSG a A 1 N;^-/^-7 

1 6, 56, 75, 95, 115, 135, 155, 1 
7 5, 1 9 6, 2 1 6, 2 3 5, 2 6 5, 2 8 5, 3 0 

5, 325, 355, 376, 435, 437, 45 50 



5, 4 5 7" 

17, 3 7, 

18, 3 8, 

6, 17 6, 
6, 3 0 6, 
-pSGaNajgtS 

1 9, 3 9, 5 9, 7 7 
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I n G a N#fitt-T-#F (MQW) SttJi 
5 7, 3 7 7 "pSiGa A 1 N^-/^-7 

5 8, 7 6, 9 4, 116, 136, 15 

19 7, 21 5, 236, 266, 28 
32 6, 35 6, 37 8, 43 8, 458 



93, 117, 137, 13 
15 8, 15 9, 177, 17 8, 17 

2 1 4, 2 3 7, 2 6 7, 2 8 7, 3 0 

3 2 8, 3 5 7, 3 5 8, 3 7 9, 3 9 
, 4 3 9, 4 5 9 -pSGa Al N^?!y 



6 0, 7 9, 9 9, 120, 141, 16 

19 3, 21 3, 213, 24 0, 26 
31 0, 32 9, 412a, 441, 46 



8, 15 7, 

9, 19 8, 
9, 3 2 7, 

0, 4 11a 

2 0, 4 0, 

1 , 18 1, 
9, 2 8 9, 

2-%m^^m 

2 1, 4 1, 6 1, 7 8, 9 2, 1 1 8, 1 3 9, 1 6 
0, 1 8 0, 1 9 9, 2 5 0, 2 5 1, 2 6 8, 2 7 

0, 2 8 8, 3 0 8, 3 5 9, 3 6 0, 3 8 0, 3 8 
3, 413a, 413b, 4 4 0, 4 6 0, 4 6 1, 4 

6 2- -pSG a NS 

2 2, 4 3, 6 2, 8 0, 1 0 1, 1 2 1, 1 4 2, 1 
8 3, 2 0 1, 2 2 1, 2 4 2, 2 7 1, 2 9 2, 3 1 

2, 3 6 1, 3 6 2, 38 5, 4 1 4 a, 414b, 4 
43, 444, 464, 4 6 5 ••• p fiijtt^g 

2 3, 4 4, 6 3, 8 1, 1 0 0, 1 2 2, 1 4 3, 1 

8 4, 2 0 2, 2 2 2, 2 4 3, 2 7 2, 2 9 3, 3 1 

3, 384, 415, 445, 4 6 6'-nMfl;® 

3 6 --Ga N*-ft^-#F (SQW) ffittil 

42, 119, 140, 2 00, 2 2.0, 239, 2 4. 

1, 3 0 7--pMl nGaN^ 
5 0, 4 0 0--nSS i CS^ 
51, 4 0 1 -nSZ nO/^y^rJi 

9 8,21 9 -nSGa 



3 4 0 

3 4 1 

3 4 2 

3 4 3 

3 4 5 

3 8 1 

3 8 2 

4 0 5 
4 0 6 
4 2 1 
4 2 8 
4 8 0 
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4 9 0-5>|liSI 
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